Microwave plasma enhanced chemical vapour deposition (MPECVD) was used for the production of carbon nanotubes. Vertically aligned multi-walled carbon nanotubes (MWCNTs) were grown on Silicon substrates coated with cobalt thin films of thickness ranging from 0.5 nm to 3 nm. Prior to the nanotube growth the catalyst were treated with N 2 plasma for 5-10 minutes that break the films in to small nanoparticles which favour the growth of nanotubes. The CNTs were grown at a substrate temperature of 700 o C for 5, 10 and 15 minutes. The height of the CNT films ranging from 10µm-30µm indicating that the initial growth rate of the CNTs are very high at a rate of approximately 100nm/sec. Electrical resistivity of the above samples was evaluated from I-V measurements. The activation energy (E a ) was also calculated from the temperature dependent studies and it was found that the E a lies in the range of 15-35 meV. Raman spectroscopy was used to identify the quality of the nanotubes.
INTRODUCTION
Carbon nanotubes (CNTs) are a new form of carbon with unique physical, electrical and mechanical properties [1] [2] [3] [4] . CNTs can be synthesized by various techniques such as arc discharge, laser ablation and chemical vapour deposition (CVD) 5, 6 . During the last decade, chemical vapour deposition (CVD) techniques including hot filament chemical vapour deposition 7 and microwave plasma chemical vapour deposition (MPCVD) 8 have been extensively used to grow well aligned CNTs. The CVD allows precise control of the location on which the CNTs are grown. Furthermore, CVD is considered to be one of the most economical methods for preparing CNTs because
CNTs can be produced on a large scale. However, the diameter of MWCNTs by CVD is larger than those produced by arc-discharge and laser ablation techniques, limiting the MWCNTs for some semiconductor device applications. MPCVD can grow relatively pure CNTs, the purities of CNTs are also important for their microelectronic applications. The CNTs can behave either as a semiconductor or as a metal, depending on its length, diameter and chirality 9 . Furthermore, CNTs are good electrical candidates for nanoscale electronic devices. It has been verified that the band gap of semiconducting CNTs decreases with increasing diameter of CNTs
10
, and larger-diameter MWCNTs show typically no gate effect when they are employed in carbon nanotube-based field effect transistors 11 . Such applications have focused on the electrical properties single one carbon nanotubes 11, 12 .
Details understanding of the surface morphology, chemical and physical properties of CNTs are essential for their applications in electronic devices. Here we demonstrated the electrical properties of multi-walled carbon nanotubes. We have highlighted the effect of catalyst thickness on the growth of MWCNTs. Also the structural properties of MWCNTs were analysed by Raman spectroscopy.
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EXPERIMENTAL DETAILS
The carbon nanotubes were produced using a Microwave Plasma Enhanced Chemical
Vapour Deposition (MPECVD) system which is described in detail elsewhere 13 . The substrate used was p-type Si(100) substrates on which a Cobalt(Co) catalyst layer of thickness 0.5 nm-20 nm deposited by RF/DC sputtering. The substrates were transferred to the MPCVD chamber for nanotube growth. First the system pumps down to a vacuum of 10 -3 Torr. Then the pressure increased to 7 Torr by introducing N 2 gas at a flow rate of 10 sccm to the chamber and the temperature set to the growth temperature, 700 o C so that the Co thin film formed nanoclusters due to surface tension effects 13 . The microwave power turned on and tuned to get stable plasma inside the chamber. After obtaining stable plasma in the chamber the pressure increased to 20 Torr and the flow rate increased to 40 sccm of N 2 and maintained the stable plasma by tuning the reflected microwave power. The N 2 plasma pre-treatment on the substrates breaks the thin film into nanoparticles.
We have pre-treated the substrate for 5 minutes and after that methane (CH 4 ) was introduced to the chamber for few minutes (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) for CNT growth at a flow rate of 10 sccm. The CH 4 provides the carbon for nanotube growth, whereas the N 2 etches the amorphous carbon (a-C) by-products from the process to give mostly a-C free deposition and the microwave power used was 850 W. The growth of nanotubes terminated when the methane gas supply turned off and the system allowed cooling down to room temperature.
Scanning electron microscopy of these nanotubes reveal that they are vertically aligned on the top of the surface. Micro Raman studies was performed using an ISA Lab Ram system equipped with 514.5 nm laser, with a 100X objective giving a spot size about 1 micron with a spectral resolution better than 2 cm -1
. Typical acquisition times were 60 seconds corresponding to 3 exposures of 20 seconds. The electrical characteristics of nanotubes were determined by depositing Ag contacts on top of it using a thermal evaporation deposition system and measuring their I-V characteristics in room temperature as well as varying temperature (100-300K). Figure 1 (a-c) showed SEM images of Co films of three thicknesses after annealing.
RESULTS AND DISCUSSION
We observed the island size and distribution were dependent on initial catalyst thickness. The islands were bimodal for the Co catalyst thickness over 1 nm. Our observations were consistent with the pervious report by Chhowalla et al 13 .
Three representatives SEM images of vertically aligned MWCNTs were shown in Figure 2 .
The height and diameter of the nanotubes were estimated from SEM images. As shown in Figure 2 and Table 1 the height of the CNT films ranging from 10µm-30µm. The diameters of the nanotubes were estimated in the range of 60-80 nm. Table 1 clearly indicates that the initial growth rate were very high (100nm/sec), however for 0.5 and 1 nm Co films the height decreases with increase of time. In particular for 3 nm films we observed slight increase of height with growth time. The decrease of the height with time for 0.5 and 1 nm samples may be attributed to the catalyst poisoning.
Raman studies
Raman spectroscopy has proved to be a popular non-destructive technique successfully used in the micro-structural characterisation of carbon based materials.
The Raman spectrum of diamond has a single Raman active mode at 1332 cm -1 whereas the Raman spectrum of single crystal graphite consists of a narrow peak at 5 1580 cm -1 and is labelled 'G' for graphite. In the case of MWCNTs two narrow bands exists. The previously mentioned G band located at 1580 -1600 cm -1 (which is associated with the E 2g mode) and a second D band located at 1350 cm -1 (which is associated with the A 1g mode) which only becomes active in the presence of disorder.
The Raman spectra of the CNTs grown at varying catalyst thicknesses were shown in Figure 3 . The two main features in the Raman spectra are the D and G peaks at ≈1350 and 1600 cm −1 and the second-order peak of D at 2700 cm −1 is also observed in the spectra. The G peak corresponds to the tangential stretching (E 2g ) mode of highly oriented pyrolytic graphite (HOPG), which indicates the presence of crystalline graphitic carbon in the CNTs. The origin of the D peak has been explained as disorder induced features due to defect and finite particle size effect 14, 15 . The ratio of the Table 2 .
Electrical resistivity measurements
Electrical measurements were performed on vertically aligned as-grown carbon nanotube samples. All nanotube samples exhibited I-V characteristics that were ohmic, linear at low positive and negative applied voltages. A typical I-V characteristic at room temperature of MWCNTs is shown in Figure 4 . The linearity of this I-V curve indicates that there is no contact barrier between the metal electrodes used and the carbon nanotube. It is known that in a two probe measurement, the resistance measured is the sum of the contact resistance and the nanotube resistance, and hence the resistances measured here are slightly higher than the actual resistance of the nanotube. As shown in Figure 4 the room temperature resistances of the vertically aligned nanotubes were within the range of 500-700Ω. Indeed, the range of resistivities observed over nanotube samples were between 10 -6 and 10 -5 Ωm. These values compare very well to arc discharge multiwall nanotubes in the literature 17 . In general, our measured electrical resistivities of the multiwall nanotubes compare well with arc-grown graphite fibers and ropes of single wall nanotubes whose resistivity is 
CONCLUSIONS
We have presented electrical and Raman spectroscopic studies of vertically aligned multi-walled carbon nanotubes produced by the MPECVD technique. Electrical conductivity measurements on carbon nanotubes revealed that they exhibit a room temperature resistivity of the order 10 -6 to 10 -5 Ωm. The activation energy (E a ) was also calculated from the temperature dependent studies. We found E a lies in the range of 15-35 meV. All the MPECVD nanotubes examined were conductive in nature. All
Raman spectra showed significant peaks at 1580 cm −1 and at 1347 cm 
